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[bookmark: _Ref506539118]Introduction
In NR Rel-15/Rel-16, PUSCH repetition has been supported for PUSCH scheduled by DCI format 0_1/0_2. However, for PUSCH scheduled by DCI format 0_0, PUSCH repetition is not supported. That is, repetition is not supported for Msg3. The performance of Msg3 can be improved by supporting PUSCH repetition. In the RAN1#102 e-meeting, the following descriptions were agreed in SID of NR coverage enhancement [1].
	Agreement:
· Study Msg3 PUSCH enhancement in NR coverage enhancement SI
· Study at least Msg3 PUSCH repetition
· FFS：the aspects to be enhanced, e.g., signaling indication, repetition pattern, interplay between Msg1 and Msg3, DMRS enhancements related to repetition etc.


The potential solutions for Msg3 PUSCH coverage enhancement are discussed [2][3].Thus, in this contribution, we focus on potential solutions for coverage enhancement of Msg3 PUSCH.
Coverage enhancement for Msg3 PUSCH
Note that as defined in NR, coverage for Msg3 can be improved by employing HARQ retransmission. However, given the nature of contention based RACH procedure, it may be difficult for gNB to schedule Msg3 retransmission as gNB may not know whether UE does not receive RAR UL grant or UE actually transmits Msg3 but gNB fails to decode it. Further, Msg3 retransmission would lead to increased latency for 4-step RACH procedure, which may not be desirable from system operation perspective.
To address this issue, one straightforward solution is to employ Msg3 PUSCH repetition for 4-step RACH procedure.The aspects can be considered to be enhanced, such as signalling indication, repetition pattern, interplay between Msg1 and Msg3, DMRS enhancements related to repetition etc.
Signalling Indication
In the initial access procedure, UE cannot receive the repetition indication information by RRC signalling until the RRC connection is established successfully. So in Rel-16, Msg3 PUSCH repetition is not supported, because the PUSCH repetition is only used for RRC connected UEs.
Since the Msg3 PUSCH transmission is scheduled by RAR UL grant or DCI format 0_0, and similar to dynamic indication of aggregation level of PUSCH, the number of repetitions of Msg3 transmission should be explicitly indicated in the RAR UL grant.
Proposal 1：The number of repetitions of Msg3 transmission for 4-step RACH should be explicitly indicated in the RAR UL grant.
Repetition Pattern
In NR Rel-16, PUSCH repetition type A and PUSCH repetition type B have been introduced to improve PUSCH reliability, hence enhancing PUSCH coverage. In PUSCH repetition type A, the PUSCH transmission repetitions in each slot are identical. Such requirement limits the gNB scheduling flexibility and adaptation to traffic requirements. PUSCH repetition type B adapts to the frame structure but requires several post-handlings. For example, nominal repetitions need to be segmented at the slot boundary or around DL symbols and this may cause the actual repetition pattern to be complicated.
To enable full flexibility for gNB to indicate flexible symbols of an UL-DL TDD configuration while ensuring a desired reception reliability of Msg3 PUSCH transmission without additional resource overhead, a UE can determine the number of slots over which Msg3 transmission with repetitions occurs. Using the total number of symbols calculated from the number of nominal repetitions and the number of symbols in Msg3, the UE determines the number of slots needed to transmit Msg3.
[bookmark: _GoBack]Proposal 2：Msg3 repetition with PUSCH repetition type A/B should be considered as starting point.
Interplay between Msg1 and Msg3
The only information gNB receives from UE prior to Msg3 reception is the so-called Msg1. An interplay clearly exists between the coverage of Msg1 and Msg3, given that the latter can only be transmitted by UE is the former has been correctly received and decoded by gNB. Effective solution of Msg3 coverage shortage may depend on how Msg1 transmission is performed. Hence, Msg3 coverage and potential enhancement solutions should be studied, while considering Msg1 coverage and possible enhancements as well.
[bookmark: _Toc47694487]Proposal 3：Msg3 coverage and potential enhancement solutions should be studied, while considering Msg1 coverage and possible enhancements as well.
DMRS Enhancements
DMRS enhancements were also mentioned in the RAN email discussion as one possible direction for coverage extension. In NR, uplink reference signals such as DMRS are configured in each slot to estimate uplink fading channel at BS. Usually, more reference signals lead to a more accurate channel estimation and improve UL transmission performance. However, symbols occupied by DMRS cannot be used to convey data for DFT-S-OFDM waveform, resulting in degradation of coverage performance. Hence, how to improve channel estimation accuracy without increasing DMRS overhead is interesting for coverage enhancement. 
To ensure accurate channel estimation without configuring more reference signals, joint utilization of the DMRS in different slots can improve channel estimation accuracy without increasing DMRS overhead. Joint channel estimation of multiple consecutive PUSCH slots should be studied for Msg3 PUSCH coverage enhancements if Msg3 PUSCH repetition is supported.
Proposal 4：Joint channel estimation across slots should be studied for Msg3 PUSCH coverage enhancements.
Conclusions
In this contribution, we discuss on potential techniques for Msg3 PUSCH coverage enhancement. Based on the discussions, proposals are given as follows.
Proposal 1：The number of repetitions of Msg3 transmission for 4-step RACH should be explicitly indicated in the RAR UL grant.
Proposal 2：Msg3 repetition with PUSCH repetition type A/B should be considered as starting point.
Proposal 3：Msg3 coverage and potential enhancement solutions should be studied, while considering Msg1 coverage and possible enhancements as well.
Proposal 4：Joint channel estimation across slots should be studied for Msg3 PUSCH coverage enhancements.
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